We describe a double-transgenic mouse strain (opticospinal EAE[
Introduction
MS is the most important demyelinating disease in the northern hemisphere. It arises without known trigger and either progresses in isolated bouts or worsens steadily from the very beginning. In the classical form of MS the demyelinating plaques are spread throughout the CNS. Usually the plaques appear in certain preferred locations, such as around the periventricular areas, but there are also variants in which the disease is limited to individual regions of the CNS. In Devic disease, for example, the lesions are restricted to the optic nerve and the spinal cord, sparing the cerebrum and the cerebellum (1) . MS and its subgroups also have distinct histological patterns of pathological changes (2) .
The factors determining onset, course, distribution, and cellular composition of autoimmune lesions in MS are largely unknown. In particular, it is unclear which processes are involved in triggering the onset of the disease and which drive inflammation during the further course of the disorder. While some investigators link the trigger(s) of MS to microbial infection (3), the opposite has been proposed as well, namely that the propensity to autoimmune disorders is related to the decreasing prevalence of infections (4) . Our ignorance of these vital issues is largely due to the lack of suitable experimental models that would develop human CNS disease spontaneously and reproduce its essential clinical and structural aspects.
Here we describe a double-transgenic mouse strain that may fill this gap. These animals spontaneously developed a neurological condition that strikingly resembled the Devic variant of human MS. The majority of these opticospinal EAE (OSE) mice had a paralytic disease caused by inflammatory demyelinating lesions in the spinal cord and the optic nerve. The causative CNS lesions, again much like human Devic lesions, sometimes contained a high proportion of eosinophilic leukocytes besides T cells and macrophages.
Results

Spontaneous EAE-like disease in OSE double-transgenic mice.
Myelin oligodendrocyte glycoprotein-specific (MOG-specific) TCR transgenic mice on a C57BL/6 background (TCR MOG mice; also referred to as 2D2 mice; ref. 5 ) express a transgenic TCR recognizing MOG aa 35-55 peptide in the context of I-A b on most CD4 + T cells. TCR MOG transgenic animals rarely have classic EAE, although a major proportion of the older ones develop optic neuritis. MOG-specific Ig heavy-chain knock-in mice on a C57BL/6 background (IgH MOG mice; also referred to as Th mice) contain B lymphocytes that produce antibodies with the heavy chain of a demyelinating MOG-specific antibody (8.18C5) (6, 7) . Despite high titers of pathogenic serum antibodies, the spontaneous development of autoimmunity has not previously been observed (8) .
TCR MOG and IgH MOG single-transgenic animals were crossed, both on a C57BL/6 background. EAE-like signs (a disease score of at least 3; see Methods) were observed in 51% of the mice kept under specific pathogen-free (SPF) conditions ( Figure 1 ) and in 46% of mice housed under conventional conditions (Supplemental Figure 1 ; supplemental material available online with this article; doi:10.1172/JCI28330DS1). All single-transgenic littermates remained healthy throughout the 12-week observation period (Figure 1) . The mean maximum disease score among TCR MOG ×IgH MOG double-transgenic animals, termed OSE (opticospinal EAE) mice, was 3.4 ± 1.2 with a mean onset at 6.1 ± 2.0 postnatal weeks. Female and male OSE mice developed EAE-like disease at similar rates ( Figure 1 ). Neurological disease followed a chronic course with no marked remissions, and disease onset in the mice coincided with substantial weight loss (see Supplemental Figure 2 ).
There was no spontaneous EAE in F1 crosses of IgH MOG mice with OVA-specific TCR transgenic mice on a C57BL/6 background (TCR OVA mice, also referred to as OT-II mice) specific for OVA aa 323-339 (9) (Figure 1 ) nor in OSE mice lacking MOG antigen (MOG -/-mice; ref. 10; data not shown).
The pathological CNS lesion. In OSE mice with spontaneous EAE kept under conventional conditions, CNS lesions were located almost exclusively in the optic nerve and in the spinal cord (Figure 2) . The lesions were circumscribed rather than diffuse and were characterized by massive infiltration of inflammatory cells along with profound demyelination and moderate axonal loss. In sharp contrast, inflammation in the spinal cords and optic nerves in TCR MOG and IgH MOG single-transgenic littermates of the same age was sparse or absent. Only in exceptional animals was it associated with some perivascular tissue damage. Healthy OSE mice showed only sparse inflammatory infiltrates in the CNS (Supplemental Figure 3) .
The inflammatory infiltrates were dominated by mononuclear cells (Figure 2 ). Immunocytochemistry identified macrophages and CD4 + T cells, but only very few B220 + B cells or CD8 + T cells (Figure 2 , L-O), in the optic nerve and the spinal cord. It is noteworthy that using the same antibody staining of the brain did not reveal immunoreactivity. In addition, some actively demyelinating lesions contained abundant eosinophilic granulocytes.
Double-transgenic mice that were kept under SPF conditions also showed profound inflammatory demyelination in their optic nerves and spinal cords. In addition, SPF-bred animals exhibited extensive inflammation that formed thick mononuclear infiltrates in the meninges and perivascular spaces. Demyelination was associated with mononuclear cell infiltration of the tissue, but eosinophilic granulocytes were generally absent (Supplemental Figure 4) .
Activation of CNS-infiltrating CD4 + T cells. In contrast to healthy TCR MOG and IgH MOG single-transgenic animals, which yielded only very few inflammatory cells, large numbers of inflammatory cells were recovered from the spinal cords of sick OSE mice. Percoll gradient-separated infiltrate cells were predominantly CD4 + CD3 + T lymphocytes, along with a CD11b + macrophage/monocyte component ( Figure 3 ). The CD4 + T cells were stained by antibodies directed against Va3.2 and Vb11 ( Figure 3F ), the V region specificities of the transgenic TCR MOG mouse.
Of note, CD4 + CD3 + T lymphocytes from the CNS of sick OSE mice showed a highly activated phenotype indicated by the markers CD69 and CD25 ( Figure 3D ) as well as CD44 (data not shown). In contrast, CD3 and CD62L (data not shown) were partly downregulated. Splenic T cells from the same sick OSE animals were not activated ( Figure 3B ).
Figure 1
Spontaneous EAE-like disease in TCR MOG ×IgH MOG double-transgenic (OSE) mice. Spontaneous incidence after birth of severe EAE-like disease (clinical score ≥3) was observed in double-transgenic mice housed under SPF conditions (red line; n = 133, 60 females and 73 males). Single-transgenic littermates (IgH MOG , n = 69; TCR MOG , n = 34) and TCR OVA ×IgH MOG double-transgenic mice (n = 11) remained free of clinical signs during the observation period. Gray lines show disease incidence for male and female OSE mice. The difference in the disease kinetics between sexes was not statistically significant (P = 0.2263). The chemokines IP-10 and eotaxin were transcribed at similar high levels in sick OSE animals and C57BL/6 mice with MOG aa 35-55-induced EAE ( Figure 4) .
Enhanced anti-MOG response and cytokine production by lymphocytes from OSE mice. Spleen cells from OSE mice responded to recombinant MOG aa 1-125 (rMOG) much more efficiently than did TCR MOG single-transgenic control cells ( Figure 5A ). Antigen doses of 0.02 mg/ml caused massive proliferation of double-transgenic splenocytes, while TCR MOG single-transgenic cells required more than 100-fold protein concentrations. IgH MOG single-transgenic splenocytes scarcely or only weakly responded to rMOG, even at high concentrations ( Figure 5A ).
In sharp contrast, the immunodominant peptide MOG aa 35-55 was recognized equally by OSE and single-transgenic TCR MOG mice ( Figure 5B ). Both required relatively high peptide concentrations for measurable activation, whereas spleen cells from single-transgenic IgH MOG mice completely failed to respond to MOG aa 35-55.
In an initial attempt to elucidate the relative contribution of MOG-reactive T and B cells to the enhanced reactivity of OSE spleen cells, single-transgenic IgH MOG splenocytes were mixed with cells from single-transgenic TCR MOG spleens. The combination of both single-transgenic populations potentiated rMOG reactivity (see Supplemental Figure 5A ). A similar supra-additive effect was produced by combining B and T cells purified (>90% by fluorescence-activated cell sorting [FACS] analysis) from single-transgenic TCR MOG and IgH MOG spleens. Figure 5C shows that the combination of MOG-reactive T and B cells from single-transgenic TCR MOG and IgH MOG mice fully reproduced the high reactivity of unseparated double-transgenic OSE mouse splenocytes. In contrast, transgenic T cells from TCR MOG mice combined with nontransgenic B cells and transgenic B cells from IgH MOG mice together with nontransgenic T cells showed comparable proliferative responses ( Figure 5C ). Finally, the mixing of highly purified transgenic T and B cells from OSE mice restored the enhanced proliferation kinetics of unseparated OSE splenocytes (Supplemental Figure 5B) .
The contribution of transgenic T or B lymphocytes to the proliferative response of rMOG was determined by labeling OSE splenocytes with CFSE and exposing them to optimal antigen doses in vitro. Both T and B cells were driven to proliferate ( Figure 5D ). In 
Figure 4
Cytokine milieu in the spinal cords of sick OSE mice. Relative expression level of various cytokine and chemokine genes was assessed by quantitative PCR in the spinal cords of sick OSE mice (n = 5; clinical score ≥3), healthy IgH MOG mice (n = 3), healthy TCR MOG mice (n = 3), and C57BL/6 mice immunized with MOG aa 35-55 (n = 3; clinical score ≥3). Error bars represent SEM from the measurement of individual animals within each experimental group. ND, no gene expression was detectable.
addition, both responding lymphocyte populations were activated. T cells expressed CD25, and B cells CD86, as activation markers (Supplemental Figure 6) .
The cytokines secreted by MOG-stimulated splenocytes from OSE mice in vitro were measured by ELISA. Predominantly, the cytokines IL-2, IFN-g, and IL-17 (albeit to a lesser extent) were released from OSE and TCR MOG T cells in the dose-response pattern previously found in proliferation assays. In contrast, IL-4 was only marginally detectable in the supernatants, while low levels of IL-5 were seen in responding OSE but not TCR MOG T cell cultures ( Figure 6A ). While stimulation with high doses of MOG aa 35-55 peptide released IL-2, IFN-g, IL-17, and IL-5 cytokines from OSE splenocytes, low peptide doses did not trigger any detectable cytokine secretion ( Figure 6B) .
Production of anti-MOG autoantibodies. OSE mice, either with or without EAE, did not visibly differ in absolute number and cellular composition of splenocytes (Supplemental Table 1 ) or in cellular function (data not shown). In particular, the capability of MOG-specific transgenic B cells to bind rMOG was unaltered during disease onset and progression. Finally, the proliferation kinetics and expression of T and B cell activation markers as well as the quantity and quality of cytokines secreted by transgenic splenocytes in response to rMOG remained unaffected by the clinical status of OSE animals (our unpublished observations).
However, OSE mice differed strikingly from age-matched single-transgenic IgH MOG or double-transgenic TCR OVA ×IgH MOG mice by their high titers of the IgG1 isotype of anti-MOG autoantibody ( Figure 7) . While TCR MOG single-transgenic mice did not spontaneously develop any anti-MOG antibodies (Supplemental Figure 7) , most of the anti-MOG autoantibodies in single-transgenic IgH MOG and in TCR OVA ×IgH MOG mice were IgM.
The onset of clinical EAE did not affect the level or nature of anti-MOG IgG1 antibodies (Figure 7) . Furthermore, longitudinal studies of individual OSE mice showed constant amounts of MOG-specific IgM, IgG1, and IgG2 antibodies (see Supplemental Figure 7 ). Finally, OSE mice that lacked MOG antigen (i.e., triple-transgenic TCR MOG ×IgH MOG ×MOG -/-animals) exhibited increased amounts of anti-MOG IgG1 serum antibodies, indicating that their generation occurred independently of MOG antigen (Figure 7 ).
Discussion
The OSE double-transgenic mouse EAE model described here stands out in several respects. The inflammatory demyelinating disease developed spontaneously, it resulted from pathogenic interaction between myelin autoimmune T and B cells, and the distribution and cellular composition of its lesions resembled that of Devic disease, a variant of human MS.
Spontaneously developing organ-specific autoimmune disease models in rodents are rare. Most notably, the NOD mouse develops type 1 diabetes mellitus at variable frequency within 40 weeks (4). Spontaneous autoimmune disease was also reported in the CNS. Spontaneous EAE was seen in transgenic mice with a TCR specific for myelin basic protein (MBP) in the context of I-A u (11, 12) at low frequency: <15% under conventional and 0% under SPF conditions (11) . Higher frequencies were observed in the absence of regulatory lymphocytes in double-transgenic MBP-specific TCR transgenic mice on a B10.PL background (TCR MBP ) crossed with recombinase activating gene-deficient mice (TCR MBP ×RAG -/-mice; ref. 12). Of interest, these transgenic mice, very similar to our double-transgenic model, showed activated antigen-specific T cells only in the CNS that remained undetectable in peripheral organs (12) .
OSE mice developed the disease at rates of about 50% within the first 10 weeks of age, although neither of the 2 parental T and B cell transgenic strains did. The question arises as to which events trigger EAE in OSE mice. In principle, both positive and negative triggers could be envisaged that weaken downregulatory control mechanisms. In human autoimmune disease the triggering events are commonly related to the inflammatory responses surrounding infection. The signals may include molecular mimicry among microbial and autoimmune determinants (13), microbial superantigens (14) , and inflammatory milieus created by innate immune responses (15) . The data from experimental models of spontaneous autoimmunity are, however, contradictory. Thus in transgenic mice with T cell receptors for MBP, spontaneous EAE was frequently noted in colonies with low hygienic standards, while mice of the same strain remained healthy when kept clean (11) . In striking contrast, spontaneous type 1 diabetes mellitus in NOD mice arose more frequently in "clean" than in "dirty" colonies (4, 16) . OSE mice from our colony, raised under either SPF or conventional conditions, developed spontaneous EAE at very similar rates. EAE bouts have been elicited by signals of innate immune responses that mostly act on local APCs. For example, treatment of proteolipid protein-reactive, TCR transgenic mice with bacterial CpG or Bordetella pertussis toxin strikingly enhanced the incidence of spontaneous EAE (17) . These stimuli did not affect EAE development in OSE mice (data not shown).
Alternatively, autoimmune disease has been precipitated in animals after weakening their regulatory T cell populations (18) . Depletion of putative regulatory T cells from partly resistant B10.S mice increased the inducibility of EAE (19) or exacerbated established EAE in SJL/J mice (20) . Applying current depletion protocols using anti-IL-2R and anti-GITR antibodies, we were unable to influence the occurrence of spontaneous Devic disease in our mouse colony. However, we noted a low frequency (<2%) of CD4 + CD25 + CD69 -T cells in the mice (Supplemental Figure 8) . Furthermore, we were unable to detect differences in the frequency of Foxp3 regulatory cell in healthy versus sick OSE mice (see Supplemental Figure 8 for details). Human organ-specific autoimmune diseases like rheumatoid arthritis (21) and myasthenia gravis (22) seem to be the result of pathogenic interactions between autoreactive T and B lymphocytes. There is emerging evidence that, at least in a subset of MS cases, B and T cells cooperate to produce disease (2) . Indeed, B cells and plasma cells are quite common components of MS lesions (23, 24) . Further, the cerebrospinal fluid characteristically contains B cell products, the oligoclonal Ig bands, which seem to be the results of an antigen-driven immune response (25, 26) . Finally, immunotherapies targeted to B cells and their products have been successful in classical MS (27) and Devic disease (28) .
While to date EAE models have been used mainly to study the role of T cells in CNS autoimmunity, there are still only a few studies on autoimmune B cells. Several studies explored the contribution of B cells to the pathogenesis of EAE, either by depletion (29, 30) or by using transgenic mice with crippled Ig genes (31) (32) (33) , but the role of autoantigen-specific B cells has been largely neglected.
The double-transgenic mouse strain described here, which we believe to be novel, fills this gap. OSE mice are double-transgenic for T and B cell receptors specific for the same myelin autoantigen, MOG. Autoimmune T and B cells thus may interact on several levels to create disease. First, antigen-specific B cells are known to efficiently capture even highly diluted protein antigen via their surface Ig receptors, to process the antigen, and then to present it to specific T cells in the context of appropriate MHC determinants (34) . This is definitely the case in OSE mice. The transgenic B cells have receptors that bind only conformational epitopes formed by rMOG protein (8) and fail to bind MOG aa 35-55 peptide. Consequently, in these mice, the MOG-specific B cells were able to pick up and concentrate rMOG present at enormous dilutions and present it efficiently to specific T cells. However, the same B cells failed to concentrate MOG peptide.
The role of MOG-specific B cells is, however, not restricted to antigen presentation. We have shown that in double-transgenic spleen cultures, both T and B cells responded to MOG by activation and proliferation. Furthermore, MOG-specific T cells, activated by MOG, can drive their B cell partners into differentiation pathways, toward either Ig-producing plasma cells or long-lived memory B cells. Further, these T cell/B cell interactions control Ig affinity maturation and isotype switching, as indicated by our finding that anti-MOG Igs underwent a class switch from IgM to IgG1 - a switch pattern commonly related to Th2 responses - in OSE mice. This did not occur in IgH MOG mice or in doubletransgenic TCR OVA ×IgH MOG mice. Remarkably, however, OSE mice showed a cytokine pattern (high levels of IFN-g and IL-2, low levels of IL-5 and IL-17, and no detectable IL-4) that dominated the transgenic T cells both in vitro and in the CNS milieu. Factors other than the known switch cytokines must have contributed to the IgG1 isotype switch of anti-MOG autoantibodies.
Following conventional concepts, the Ig switch to IgG1 should be the consequence of presentation and recognition of the nominal autoantigen, MOG, between both partner cells. It is thus another major surprise that the IgG1 switch of anti-MOG autoantibodies was seen in OSE mice not only on a MOG +/+ background but also on a MOG -/-background. This raises the question of the (auto)antigen linking T and B cells in vivo. In a previous study of double-transgenic mice expressing the IgH MOG gene replacement plus the light chain from the donor hybridoma, Litzenburger et al. observed B cell receptor editing (35) , a phenomenon involving B cell contact with self antigen (36) . MOG-reactive B cells showed evidence of receptor editing in both MOG +/+ and MOG -/-mice, a finding that suggests a non-MOG self protein mimicking MOG epitopes (35) .
In OSE mice, the particular localization of lesions in the optic nerve and in the spinal cord differs from most actively induced or passively transferred EAE variants. Presumably, lesion distribution depends both on the nature of the target autoantigen and on genetic factors. While classic EAE induced in Lewis rats by MBP-specific T cells affects the spinal cord in a caudocranial gradient of intensity, other CNS autoantigens produce very different patterns in the same strain (37) . Conversely, immunization of BN rats with rMOG produces EAE with distribution like that in OSE mice, while sensitization of DA rats results in inflammation throughout the CNS (38) . Furthermore, single-transgenic TCR MOG mice frequently show isolated optic neuritis, but rarely spinal cord lesions (5) .
The distribution of the demyelinating lesions within the optic nerve and the spinal cord along with their particular cellular composition in our transgenic mice are similar to that in Devic disease. However, TCR MOG ×IgH MOG double-transgenic OSE mice were not able to replicate all aspects of the complex clinical and pathological patterns observed in human Devic disease. Most importantly, in Devic disease long monofocal lesions are observed that are predominantly located in the cervical spinal cord segments. Highly destructive and necrotic lesions are symmetrical and mainly affect the central portions of the spinal cord over several segments. Despite
Figure 7
Relative concentrations of MOG-specific serum Ig antibodies in transgenic mice. MOG-binding antibodies were detected by ELISA in serially diluted sera obtained from healthy (n = 6) and sick (n = 7) OSE, healthy IgH MOG (n = 6), healthy TCR OVA ×IgH MOG (n = 6), and healthy OSE×MOG -/-(n = 3) mice. Sera (diluted at 10 -2 , 5 ×10 -2 , 2.5 × 10 -3 , and 1.25 × 10 -4 ) were incubated with plates precoated with rMOG. Bound anti-MOG Ig was detected by allotype-specific antibodies recognizing IgM a (A), IgG1 a (B), or IgG2a/b a (C). Mean absorbance at OD 405 nm is shown; error bars indicate SEM.
impressive and severe pathology in OSE mice, we were unable to see such devastating pathology (Figure 2 ), probably due in part to the fact that affected animals rapidly developed severe clinical symptoms after onset of disease, often requiring the early scarification of such animals (see Supplemental Figure 2 ). Furthermore, human Devic disease seems to be associated with massive perivascular IgM, IgG, and complement deposition, which are not specifically located on myelin sheaths. We, however, were unable to detect comparable complement deposition within the CNS of sick OSE mice (data not shown). Antibodies binding to aquaporin-4, which have been recently described in the sera of Devic disease patients (39) , seemed to be absent in OSE mice (data not shown). This discrepancy may, however, be of limited importance, as anti-aquaporin antibodies were missing in about 30% of Devic patient sera. Moreover, the distribution of aquaporin within the human CNS does not coincide with the distribution of demyelinating lesions in Devic disease (39, 40) .
OSE mice offer important new features, which will make them of use for a number of purposes. Most interestingly, they may lend themselves to the study of mechanisms that precipitate spontaneous autoimmune disease. OSE mice may also be useful for exploring factors that determine the localization of lesions and their cellular composition. Finally, as a model of spontaneous, non-adjuvantinduced autoimmunity, OSE mice may be helpful in the preclinical validation of novel therapies of autoimmune CNS disease. (10) along with C57BL/6 mice were bred in the animal facilities of the Max Planck Institute of Biochemistry. TCR MOG mice were generated directly on the C57BL/6 genetic background (5) . IgH MOG and MOG -/-mice were originally made using 129-derived ES cells but were backcrossed against the C57BL/6 strain for more than 12 and 8 generations, respectively. Homozygous TCR OVA mice (n = 6) were purchased from Jackson Laboratory.
Methods
F1 animals resulting from the intercross of IgH MOG with TCR MOG or TCR OVA mice were weighed and examined every 2-3 days for clinical signs of disease. Clinical scoring of animals was according to the classic EAE disease determination: 0, healthy animal; 1, animal with a flaccid tail; 2, animal with impaired righting reflex and/or gait; 3, animal with 1 paralyzed hind leg; 4, animal with both hind legs paralyzed; 5, moribund animal or death of the animal after preceding clinical disease.
All animal procedures used in this report were in accordance with guidelines of the committee on animals of the Max Planck Institute for Neurobiology and with the license of the Regierung von Oberbayern (Munich, Germany).
Antigens. rMOG was purified from bacterial inclusion bodies (41) . MOG aa 35-55 peptide was synthesized at BioTrend, Germany.
Immunization of animals. Mice were injected s.c. at the tail base with an emulsion of equal amounts of CFA and 200 mg MOG aa 35-55 in PBS. CFA was supplemented with 5 mg/ml Mycobacterium tuberculosis (strain H37Ra). Pertussis toxin (400 ng) was injected i.p. on days 0 and 2 relative to immunization.
Histological analysis. Animals were perfused with 4% paraformaldehyde in PBS, stored in the same fixative for 24 hours, and then washed twice with PBS. Brain and spinal cord tissue was dissected and in part embedded in paraffin or snap frozen for immunocytochemistry. Adjacent serial sections were stained with H&E, luxol fast blue, or Bielschowsky silver impregnation.
Immunohistochemistry. Immunohistochemical stainings were performed as described previously (42) . Tissue sections (8-12 mm) were incubated with primary rat antibodies recognizing mouse CD4, CD11b, CD8a, IgM, CD19, or B220 (all obtained from BD Biosciences - Pharmingen). A secondary biotinylated anti-rat antibody, a streptavidin-HRP complex (both In vitro proliferation assay. Single-cell suspensions from spleens were prepared, and 2 × 10 5 cells/well were seeded in 96-well, round-bottomed plates in a total volume of 200 ml complete RPMI medium containing 10% FCS (Invitrogen). After a culture period of 48 hours, 1 mCi 3 H-labeled thymidine was added per well. Samples were harvested 16 hours later, and tritium incorporation was measured. Each sample was run in triplicate.
Cell purification. Lymphocyte subpopulations were purified from the spleens of transgenic mice using B cell or T cell Negative Selection kits (Dynal). Their viability and purity were evaluated by FACS analysis. The cell purification procedure generally resulted in cell populations that were more than 90% pure.
CFSE labeling of lymphocytes. Cells (2 × 10 7 ) were incubated at 37°C for 10 minutes with 1% FCS/PBS containing 5 mM CFSE (Invitrogen) and were subsequently washed extensively with cold PBS.
ELISA. Cells were plated and stimulated as described for proliferation assays. After 72 hours cell supernatants were collected. Cytokine concentrations were determined using matching antibody pairs for mouse IL-2, IFN-g, IL-4, IL-5 (BD Biosciences - Pharmingen), and IL-17 (R&D Systems). For colorimetric cytokine determination, 2,2′-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid (ABTS; Sigma-Aldrich) was used as a substrate, and plates were read at 405 nm.
Determination of serum titers of MOG-specific antibodies. Serially diluted serum collected from transgenic mice were transferred to 96-well ELISA plates (Nunc) precoated with rMOG. After extensive washes, bound Ig was detected by a sandwich consisting of a biotinylated allotype- and isotype-specific antimouse Ig (all BD Biosciences - Pharmingen; see Supplemental Methods for details) and a streptavidin-HRP complex (BD Biosciences - Pharmingen). ABTS was used as a color substrate that was measured at 405 nm.
Quantitative real-time TaqMan PCR analysis. Total RNA was isolated from the spinal cord and optic nerves by TRI Reagent extraction (SigmaAldrich) and, following DNase I treatment, was converted into cDNA using either hexanucleotide or oligo-dT primers and SuperScript II Reverse Transcriptase (Invitrogen). Sense and antisense primers in combination with FAM/TAMRA TaqMan probes and gene-specific primers (synthesized at Metabion) were used for PCR analysis. A list of used primer sequences for the IFN-g, TNF-a, IL-4, IL-5, IL-10, IL-13, IP-10, eotaxin, Foxp3, and GAPDH genes is provided in Supplemental Methods. Where possible the primer/probe sequence combinations spanned contact sequences of subsequent exons. For amplification the ABsolute QPCR mix was used (ABgene). Each reaction was run in triplicate on an ABI 5700 machine (Applied Biosystems) and was normalized to housekeeping gene GAPDH transcripts. Primary data was analyzed with GeneAmp SDS 5700 software (Applied Biosystems).
Statistics. Descriptive statistical analysis was performed using Excel 2003 (Microsoft) and Prism version 4 (GraphPad) software. Differential EAE incidence was analyzed by log-rank test (by an in-built survival curve analysis from Prism version 4). P values less than 0.05 were considered to be significant.
